nounced increase observed in the mid-1990s, white females experienced a significant increase in incidence of OT tumors. Patients with advanced OT carcinoma had a significantly lower survival compared to those with advanced BTT disease; however, patients with early-stage OT tumors had a better survival compared to patients with BTT. Conclusions: While the increase in incidence of BTT tumors in white men is likely human papillomavirus driven, more studies are needed to elucidate the increasing incidence of OT tumors in white women. The differences in outcomes across ethnic origin groups are also described and discussed.
Introduction
More than 500,000 people worldwide are diagnosed with squamous cell carcinomas (SCC) of the head and neck each year. Head and neck cancer is the fifth most common cancer worldwide and is the most common neoplasm in central Asia [1] . In the United States, SCC of the head and neck account for 3.3% of malignancies with an [2] .
SCC of the oral cavity and oropharynx account for close to 35,700 cases per year, and oral cavity tumors alone account for close to 10,500 cases per year [2] . SCC of the base of the tongue and tonsils (BTT) have a distinct behavioral pattern, and recently, through studies focusing on human papillomavirus (HPV) as a causative factor, appear to be having distinct etiologies. BTT SCC seem to be more closely related to HPV infection [3] . Moreover, it has become clear that HPV status is a strong and independent prognostic factor for survival among patients with oropharyngeal cancer, with a clearly improved survival for this group in comparison to non-HPV-related disease [4] . Given the recent changes in incidence of oropharyngeal carcinomas, we were interested in further exploring the trends with relation to ethnic origin and gender, thus studying additional environmental factors [3, 5] . Also, we were interested in exploring any changes in oral tongue (OT) cancers which are typically not HPV related, as well as in analyzing changing trends in incidence and outcome for these two distinct diseases with likely different etiologies. We think this analysis could invite additional population-based studies that may shed light on possible environmental or infectious causes. Finally, we sought to evaluate these trends with respect to gender and ethnic origin variables in light of the recent evidence indicating that HPV-driven oropharyngeal cancers predominantly affect white males.
Primary tumors of the OT represent approximately half of all SCC of the oral cavity [6] . Tobacco smoking and alcohol use are the principal risk factors for developing OT SCC. In addition, oral tobacco use, radiation exposure, HPV, as well as immune deficiency have been implicated [7] . The prognosis for patients with OT cancer varies with stage and site.
It is estimated that approximately half of BTT SCC diagnosed in the Western world are HPV related [8] . Patients with HPV-related BTT carcinomas have a better therapeutic response and improved survival compared to their HPV-negative counterparts [9, 10] .
In the United States, the incidence of head and neck SCC in African American (AA) men is approximately 50% higher than in white men [11] . It is also known that AAs tend to have a worse outcome compared to Whites. This discrepancy may be in part related to the lower proportion of HPV-positive tumors among AA patients; however, other factors may be involved and need to be examined [12] .
Materials and Methods
Data were obtained from the Surveillance, Epidemiology and End Results (SEER) Program of the US National Cancer Institute [13] . All neoplasms reported to the SEER Program since 2001 have been coded using the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) [14] ; those diagnosed prior to 2001 have been recoded to this classification.
Using the SEER database [15] , we selected all cases with a histologic category of squamous cell neoplasms (ICD-O codes 8050-8089) and documented malignant behavior that were diagnosed between 1973 and 2006, and assigned 1 of the following 12 primary site categories: (1) dorsal surface of the tongue (n = 1,000); (2) border of the tongue (n = 5,217); (3) ventral surface of the tongue (n = 2,198); (4) anterior two thirds of the tongue (n = 3,310); (5) base of the tongue (n = 15,216); (6) lingual tonsil (n = 273); (7) tonsil, not otherwise specified (n = 11,100); (8) tonsillar fossa (n = 4,303); (9) tonsillar pillar (n = 2,006); (10) overlapping lesion of the tonsil (n = 172); (11) overlapping lesion of the tongue (n = 1,143), and (12) tongue, not otherwise specified (5,024). These primary cancer sites were recoded into three broad groups: OT, which included the first 4 primary site categories listed above; BTT, which included the next 6 categories, and tongue, not otherwise specified, which also included overlapping lesions.
Using data for 9 registries that provide reported cancer cases back to 1973-1975, we then examined temporal trends in incidence rates (age adjusted for the US standard population) as a function of gender and ethnic origin. Although at present SEER data are available in 9-, 13-, or 17-registry sets, the 9-registry data set is the only one that goes all the way back to 1973, and therefore, we deemed it most suitable for exploring long-term changes in incidence [16] . The definitions of SEER historic stages are as follows [17] : (1) localized cancer is cancer that is limited to the organ in which it began, without evidence of spread; (2) regional cancer is cancer that has spread beyond the original (primary) site to nearby lymph nodes or organs and tissues; (3) distant cancer is cancer that has spread from the primary site to distant organs or distant lymph nodes, and (4) unstaged cancer is cancer for which there is not enough information to indicate a stage.
The results of the trend analyses were expressed as the annual percent change (APC). The APC is calculated by fitting a least square regression line to the natural logarithm of the rates, using the calendar year as a regressor variable. The incidence data were further analyzed using joinpoint models, which are aimed to evaluate longitudinal data for a change in trend. The change in trend was tested for statistical significance using a Monte Carlo Permutation method [18] . In the presence of a significant joinpoint, two APC values were calculated, one preceding and one following the change.
Observed survival (defined as the proportion of patients surviving beyond a certain interval after the diagnosis) and relative survival (defined as the observed survival among cancer patients divided by the expected survival in the general population with the same age, sex and race characteristics) were analyzed according to different patient characteristics. Unlike frequency analyses, which included all records, survival analyses excluded 8,469 cases that represented second or later primary cancer to eliminate possible biases. Cases ascertained from autopsy records or death certificates (n = 34) and cases known to be alive but without documented survival time (n = 341) were also excluded. The 1-, 3-and 5-year survival of patients was evaluated across patient-and disease-related characteristic and for several time periods, 1973-1981, 1982-1991, 1992-1999 and 2000-2008 , where the last two cutoffs correspond to the years when new SEER registries were added. The follow-up data in survival analyses extended through the end of 2008. These survival calculations were based on the actuarial life table method.
Kaplan-Meier curves were constructed to examine patient survival according to cancer site with corresponding log-rank tests for statistical significance. Cox regression models examined the association between survival and various patient-and diseaserelated characteristics with the primary focus on site and ethnic origin as independent variables of interest. Additional covariates included age, stage (dichotomized as localized vs. advanced), gender, year of diagnosis and SEER registry. The association between predictor variables and survival were expressed as adjusted hazard ratios (HRs) and reported along with the corresponding 95% confidence intervals (CIs). Proportional hazard assumptions were tested by examining log minus log plots for each variable [19] . In addition, all models were examined for interactions and colinearity among covariates. The analyses were performed using SPSS 17.0 for Windows (LEAD Technologies, Inc., Chicago, Ill., USA) and SEER * Stat version 6.4.4 (National Cancer Institute, Bethesda, Md., USA) statistical software packages.
Results
A total of 51,092 cases were included in this study. Of those, 33,100 cancers (64.7%) originated in the BTT and 11,825 cancers (23.1%) in the OT ( table 1 ) . In 6,167 cases (12.1%), the primary site was reported as the tongue, overlapping or not otherwise specified. A comparison of patient demographic characteristics across primary site categories revealed no striking differences by race, with roughly 85% of cases occurring among Whites. Compared to the OT group, patients diagnosed with BTT can- 
Changes in Incidence
Although changes in incidence for OT cancer between 1973 and 2006 were not significant among white males ( fig. 1 ) , there was evidence that white females experienced a significant albeit modest increase. Among AA patients, data for both males and females demonstrated significant declines in incidence. A similar examination of BTT incidence among white males demonstrated a gradual upward trend in age-adjusted rates starting in 1973 followed by a more pronounced increase starting in the mid-1990s ( fig. 2 ) in keeping with the HPV epidemic [20] . By contrast, the incidence of BTT tumors continuously declined in both AA and white females, with an initial increase observed for AA males followed by a decline beginning in the late 1980s. A review of cancer stage data by time interval demonstrated that patients diagnosed with distant disease constituted 5% of all OT carcinoma cases in 1973-1981 compared to 7% in 2000-2008, whereas the proportion of unstaged disease decreased slightly from 4 to 3%. The corresponding comparison of data for BTT carcinomas demonstrated a decrease from 20 to 15% and from 8 to 3% for distant and unstaged disease, respectively. 
Changes in Survival
A relative overall survival of 81.7, 61.7 and 54.9% at 1, 3 and 5 years, respectively, was noted for all patients. A decline in survival was noted with increasing age and stage. Whites had a better relative survival compared to AAs, and there was no discernable difference in relative survival between males and females. Both observed and relative survival measures showed improvements over time ( table 2 ) .
In our definition of advanced versus localized disease, we have utilized the SEER historic stage. Advanced disease included locally advanced disease as well as patients with distant metastases. In the unadjusted analyses, early-stage OT disease had a better survival compared to BTT, with a statistically significant difference reached for Whites (p ! 0.001) but not for AAs (p = 0.090). For advanced disease, survival was better for BTT cancer compared to OT, and the difference was statistically significant in both AAs and Whites with p values of 0.013 and ! 0.001, respectively ( fig. 3 ) .
In the multivariate analyses there was a strong and statistically significant (p ! 0.0001) interaction between stage and primary site, and for this reason, these results are presented separately for localized and advanced (regionally spread or distant) disease ( table 3 ) . Among patients with early-stage disease, mortality was significantly higher for BTT cancer compared to OT cancer (HR = 1.28; 95% CI 1.21-1.36). By contrast, survival was better Color version available online for BTT versus OT cancers when the data were limited to advanced disease (HR = 0.72; 95% CI 0.69-0.75). The multivariate analyses also demonstrated a slightly lower mortality in women compared to men. AA patients had significantly increased mortality for both localized (HR = 1.59; 95% CI 1.43-1.77) and advanced (HR = 1.92; 95% CI 1.83-2.00) cancers regardless of the site of disease. A review of cancer stage data by time interval demonstrated that patients diagnosed with distant disease constituted 5% of all OT carcinoma cases in 1973-1981 compared to 7% in 2000-2008, whereas the proportion of unstaged disease decreased slightly between the two time intervals from 4 to 3%. The corresponding comparison of data for BTT carcinomas demonstrated a decrease from 20 to 15% and from 8 to 3% for distant and unstaged disease, respectively.
Discussion
Improved survival observed among patients with advanced BTT tumors compared to OT tumors appears to be independent of ethnic origin. This improvement may be related to advancing therapy for patients with head and neck cancer, namely by introducing concurrent modality therapy in the 1990s, but it may also be related to the increase in HPV-driven BTT tumors. Of note is the steep decline in survival curves for AAs, particularly for those with advanced disease, suggesting other factors involved, possibly related to increased treatment complications, lack of access to adequate follow-up, or a rapid disease progression. For early-stage disease, patients with OT cancer appear to have a better survival compared to those with BTT carcinomas regardless of ethnic origin, even though the difference appears to be more pronounced in the white population. A possible explanation is the earlier detection of oral cavity lesions compared to oropharyngeal tumors, but other biologic factors may also be involved. It is of interest that oral cancer is decreasing in all groups except in white females which begs an additional analysis in this particular group as far as contributing environmental or other factors. Possible causes, next to other currently unknown environmental factors, may include the increased recent trend in smoking among women, or the rising incidence of the HPV-associated base of tongue a Excludes cases that represent second or later primary cancer (n = 8,469), cases ascertained from autopsy records or death certificates (n = 34), as well as cases known to be alive but without documented follow-up time (n = 341).
b The relative cumulative rate increased from a prior interval and has been adjusted. c Years when new registries were added to the SEER program.
carcinoma being misclassified as OT disease. HPV subtypes besides types 16 and 18 may also be playing a role in OT tumors. Other possibilities may include other tumorigenic viral infections or environmental exposures to carcinogens. Examining the biology of oral cavity tumors in women as well as population trends with adequate risk data collection such as smoking and alcohol use as well as sexual practices may shed some light on the etiologies behind these observed trends.
It is well reported that AAs experience higher incidence and mortality rates for other cancer types [11] . In a survival analysis from a retrospective study of a multicenter randomized phase III trial, there was a clear disparity in survival between AAs and Whites (20.9 vs. 70.6 months) attributable predominantly to BTT tumors (25.2 vs. 69.4 months in AAs and Whites, respectively), which is in keeping with the observed HPV trends [12] . Our findings indicate a similar discrepancy in OT tumors, a predominantly non-HPV-driven type of SCC, arguing against HPV as the sole driving factor behind ethnic origin disparities. These differences were also observed in the 80s and early 90s, prior to the noted increase in HPVdriven BTT carcinomas [11] , and thus, argue against HPV as the predominant reason for these ethnic origin outcome disparities and point towards factors such as access to healthcare and early diagnosis as possible causes. It remains unclear as to why BTT carcinomas are decreasing in females which seems to be independent of ethnic origin.
The large sample size enables SEER-based studies to have sufficient power of detecting relatively moderate associations and permits a variety of stratified and multivariate analyses [21, 22] . Population-based, as opposed to institution-based, studies increase the external validity and generalizability of findings. Limitations of our study include the lack of information on the extent of surgery, type of chemo-and/or radiation therapy and the HPV status of patients, all of which may have impacted our results. Other limitations include the possible lack of uniformity in determinations of the site of malignancy, differences in disease staging methodologies over time, as well as evolving treatment options which have changed significantly in the early 90s by the adoption of concurrent modality therapy in treating locally advanced disease. One other limitation is the multiple changes over time of how the SEER data code the stage of the disease. Recognizing this limitation, we have reclassified all cases using a 'historic staging' scheme that stratifies patients' stages into localized, regional and distant. With this approach we probably lost some of the staging detail, but preserved the consistency of data over a period of 3 decades. Additional limitations include the inadequate assessment of risk and prognostic factors such as tobacco and/or alcohol use as well as the lack of information related to type of therapy in addition to HPV status. Overall, our findings, we believe, raise multiple questions that need to be addressed through additional populationbased studies examining possible environmental or behavioral factors to better explain the observed trends.
Conclusions
The differences in sex-and ethnic origin-specific incidence of BTT cancers can be explained by the surge in HPV-related BTT tumors among white men; however, the driving factors behind the increasing rate of OT in white women as well as the sudden decreased incidence of BTT in black men remain unclear. Are these trends related to changes in rates of alcohol or tobacco use in the respective groups or are other factors involved? As ethnic origin remains a prognostic factor regardless of stage and primary site of disease this begs further study of the reasons behind these disparities. Additional populationbased studies are needed to explain the noted differences in incidence and survival across different subgroups of the population.
